vegetables) and temperature (10, 25 and 37 o C) was evaluated. The pathogen survived best at 28 10 o C, followed by 25 o C and 37 o C on both conveyor belt materials. The reduction rate of the 29 pathogen on conveyor belts with antimicrobial additives in the first six hours at 10 o C (0.6 log 30 unit) was significantly higher than that on the surfaces without the additives, or in presence of 31 food residue (0.2-0.3 log unit). At high temperature (37 o C) and low humidity (20%), a rapid 32 decrease in numbers of the pathogen on both conveyor belt surfaces was observed. Under 33 these conditions, an effect of antimicrobial substances could not be noticed. However, at 34 ambient (25 o C) and low (10 o C) temperature and high humidity (60-75%), a rapid decrease in 35 cell counts was observed. These results demonstrated that temperature and relative humidity 36 play an important role in the reduction of the bacteria on the surfaces. Antimicrobial conveyor 37 belts reduced numbers of L. monocytogenes faster than normal conveyor belts. However, this 38 effect is limited on dry surfaces, where a reduction took place at lower rate than that in the 39 first six hours when the surfaces were still wet. Moreover, the presence of food debris 40 neutralized the effect of antimicrobials. The results suggested that the antimicrobial additives 41 in the conveyor belt could help to reduce numbers of microorganism in particular at low 42 temperature and in an absence of food residues. 43 44 45 46 47 48 49
Introduction 50
Contamination of Listeria monocytogenes on ready-to-eat cooked meat products most likely 51 occurs after thermal processing. Many studies report that L. monocytogenes attaches to 52 various types of surfaces in food processing plants (Beresford et al., 2001; Lunden et al., 53 2002) such as stainless steel, glass, polypropylene and rubber (Mafu et al., 1990; Wong, 54 1998 ). The bacteria survive and grow on spots that are difficult to clean and disinfect due to 55 their poor designs, such as slicing machines, conveyor belts (Lin et al., 2006) , and narrow 56 openings between surfaces and apparatus (Tompkin et al., 1992) . Of the many processing 57 surfaces, conveyor belts are of great concern in food processing because during transfer of 58 Smoot and Pierson, 1998) . However, recontamination from contaminated surfaces to 64 food products can be prevented by hygienically designed apparatus, cleaning and disinfection 65 and zoning (Anonymous, 1991) . At present, it is possible to add antimicrobial additives (e.g. 66 triclosan, silver) to surface materials to control the survival or growth of microorganisms on 67 the surfaces. Triclosan and silver are GRAS (generally recognized as safe) and approved by 68 
Food debris 106
Raw food (minced meat, smoked salmon and chopped lettuce) were bought from a local 107 supermarket, kept in a refrigerator (< 7 o C) and used within 24 h. To prepare a 10% suspension 108 of the food debris, 10 g of each selected food was aseptically placed in Stomacher ® bags and 109 90 ml peptone saline solution (PSS: 8.5 g/l NaCl (Merck, Darmstadt, Germany) and 1 g/l 110
Neutralised Bacteriological Peptone (Oxoid, Basingstoke, England)) was added. The food was 111 then homogenized in a stomacher (Stomacher ® 400 Circulator, England) for 1 min at 260 rpm. 112 113
Artificial contamination of the surfaces 114
The conveyor belt sheets were washed with anionic-active detergent, rinsed with hot 115 water (70-80 o C) and air dried. Before each experiment, the belt surfaces were disinfected with 116 70% ethanol for 15 min and air dried for 15 min in a laminar flow cabinet. 117
Appropriate serial dilutions of the overnight cultures were prepared in PSS. For the 118 selected final dilutions (approximately 10 6 CFU/ml), PSS containing 0.1% Tween 80 (Merck, 119 Hohenbrunn, Germany) was used to lower the surface tension in order to obtain an even 120 spread of bacteria on the surfaces. The influence of food debris on the antimicrobial action 121 was investigated by preparing the final dilution of the test cultures in a 10% suspension of the 122 food products (with 0.1% Tween 80). From these tubes with and without food debris, 250 μl 123 was spread over 100 cm 2 of the belt surfaces by using a cotton swab (Sterile wooden/cotton 124 6 swab, LP Italiana SPA, Milano, Italy). The conveyor belt sheets were then placed at 10 o C, 125 25 o C and 37 o C for 72 h. Relative humidity (Rh) was measured at each storage temperature 126 with a digital hygro-thermometer (VWR International BV, Amsterdam, the Netherlands). 127 128
Enumeration of test strains from the conveyor belt sheets 129
The conveyor belt surfaces were sampled after 0, 6, 24, 48 and 72 h by rubbing 10 x 130 10 cm areas with sterile cotton swabs (EUROTUBO ® collection swab, Delta lab, Rubi, Spain) 131 stored in 5 ml of buffered peptone water (BPW) according to ISO 18593:2004 (Anonymous, 132 2004 ). The swabs were reinserted in the BPW, vortexed and resuscitated for one hour. After 133 that, 2 x 1 ml of the swab solution was added to 2 tubes with 2 ml peptone saline solution 134 (PSS). The contents of these tubes (3 ml) were plated onto two Petrifilm TM Environmental 135 
Results and discussion 150
As can be seen in Fig. 1 (A, B and C), a rapid decrease of 2.5 -4 log CFU/100 cm 2 of 151 the test strains on the test surfaces was observed during the first six hours. Thereafter, the 152 reduction was only 0.1 log unit in 6 h. These results were similar with those of 153 Kusumaningrum et al. (2003) and may be attributed to the stress conditions during the rapidly 154 decreasing water activity. Despite the rather high standard deviations found in our 155 experiments, it becomes clear from Fig. 1 (A-B) During the experiments we measured the Rh; however, it was not a set variable. At high 177 temperature (37 o C), the Rh was low at around 20%. This combination of high temperature and 178 low Rh, together with the fast drying of the surfaces, resulted in a rapid decrease in numbers 179 on both types of the conveyor belt surfaces (Fig. 1C) . This phenomenon was also described in it is due to the fact that changes in temperature results in changes in membrane composition to 189 maintain the optimum fluidity for growth at low temperature (Beales, 2004) . This is an 190 important aspect, since these conditions can be found in many food production areas. Similar 191 results were found in a study of antibacterial substances in a kitchen, where the bacterial 192 counts on antimicrobial surfaces were significantly lower than those on conventional surfaces 193 (Sadako et al., 2001) . 
